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Abstract 
The determination of the catchment area is an essential step when building a transportation demand model. The purpose of this 
work is the development of a generation and attraction model for the rail transport of hazardous goods in Spain. The observations 
for the model correspond to the volume of hazardous goods carried between the railway stations of ADIF, the Spanish rail 
network administrator. Another model has also been developed for those flows having origin or destination in the railway stations 
located in Andalusia, the southernmost region of Spain. In order to improve the fit of the model it was assumed that the area of 
influence of each station was directly related to the distance to the province capitals. Specifically for each station a new set of 
explanatory variables was obtained by weighting the original province level variables according to the distance to the station and 
to a weighting exponent. The transformation of the explanatory variables by means of a distance decay function allows assessing 
adequately the catchment area of the railway stations considered in the model.  
© 2014 The Authors. Published by Elsevier B. V. 
Selection and peer-review under responsibility of the Scientific Committee of EWGT2014. 
Keywords: demand  models; hazardous goods; rail transport; catchment area; 
1. Introduction 
The forecasting of the freight transportation demand is one of the most important fields regarding not only the 
economic feasibility of transport infrastructure projects but also its social and environmental consequences. With 
respect to the particular case of hazardous goods, these latter issues are of critical importance. Surprisingly, the 
number of works dealing with the forecasting of the hazardous goods transport is relatively reduced. Namely, the 
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most recent research focuses on the risk analysis of hazardous goods transportation and its forecasting on a short 
term horizon. In this line one can distinguish the works of Bagueri et al. (2011), Cafiso et al. (2006), Leonelli et al. 
(2000), Liu et al. (2013), Lipin et al. (103), Reiners et al. (2010), Taniguhi et al. (2010) and Van Raemdock et al. 
(2013). In the particular field of the modal share of railways for freight transport, several works point out the 
difficulty of making a shift from the road to the railway: Carrión (2010), Ison et al. (2012) and Rich et al. (2011). 
Finally, the use of railways for the bioethanol transportation is matter of analysis by Leal and D’Agosto (2011). 
2. Model description 
The sample object of this work is the hazardous goods carried by railway in Spain and particularly in Andalusia, 
the southernmost Spanish region, during the years 2008 to 2011. The data of this railway traffic have been collected 
in the document entitled “National map of hazardous goods flows carried by railway” available through the Spanish 
Ministerio de Interior (2011). These data have been recorded by the “Dirección General de Protección Civil y 
Emergencias” of that ministry. The database includes not only the number of tons carried between each pair of 
stations in the Adif network but also a classification of this flow among classes of hazardous goods. It should be 
pointed out that the share of the state owned railway company Renfe is about a 74% and the remaining volume is 
carried by other private companies operating in Spain. 
The hazardous goods carried by railway are classified in different classes. The distribution of the carried tons 
among classes is far from being uniform. Namely, only three classes of products amount for more than two thirds of 
the carried volume. Table 1 shows the classes and the tons that were carried in 2011. For the other years the 
distribution is alike. One can observe that the 75% of the volume correspond to the four main classes.   
Table 1. Distribution of carried tons among classes of products in 2011. 
Class description Class code Carried tons Cumulative 
percentage 
percentage 
Flammable liquids 3 763.076 34 34 
Gases 2 496.058 56.1 22.1 
Corrosive materials 8 287.981 68.93 12.83 
Toxic materials 6.1 121.687 74.35 5.42 
Oxidizing substances 5.1 57.259 76.9 2.55 
Miscellaneous dangerous substances 9 53.342 79.28 2.38 
Spontaneous combustible materials 4.2 12.804 79.85 0.57 
Flammable solids, self-reactive substances and 
spontaneous explosive flammable solids  4.1 6.327 80.13 0.28 
Materials that in contact with water emit 
flammable gases 4.3 433 99.42 19.29 
Explosives 1 13 100 0.58 
 
2.1. Explanatory variables for the model of Andalusia 
For the model of Andalusia, the initial explanatory variables were at a municipal level. Two different data 
sources were used: the Spanish Economic Anuary of the CaixaBank and the SIMA database (Sistema de Información 
Multiterritorial de Andalucía). The first one gives a huge amount of information for the main 685 municipalities of 
Andalusia. Although this source is extremely useful for economics and regional research, it does not provide 
specific information about production and consumption of hazardous goods. For this reason the SIMA information 
was also chosen and employed. This database gives detailed information about the electricity consumption at each 
municipality. More interestingly, the electricity consumption is split in different economic sectors: agriculture, 
industry, business, households, public administration and others. This information is available for all the 5195 
Andalusian municipalities. Table 2 shows the set of explanatory variables that were chosen at a first stage of the 
model building. Finally, a dummy variable called “refinery” has been introduced. This variable takes the value one 
for those stations close to that kind of industrial facility.  
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Table 2. Initial explanatory variables for the model of Andalusia. 
VARIABLES FROM “LA CAIXA” VARIABLES FROM 
SIMA: 
ELECTRICITY 
CONSUMPTION 
 Population Wholesale trade of durables products 
 Industry  Industrial wholesale trade agriculture 
 Energy and water Other Industrial wholesale trade industry 
 Mining and chemical industry  Industrial index business 
Metal transformation industry  Business index  residential 
 Manufacturing industries  Wholesale trade index  administration and public services 
 Building  Retail trade index  Electricity comsup. others 
 Wholesale trade activities   Restaurants index  
  Agricultural commodities; food, beverages and tobacco  Tourism index  Textiles  Economic activity index 
Pharmaceutical products and perfums   
 
2.2. Explanatory variables for the model of Spain 
The explanatory variables for the model in the peninsular territory of Spain were chosen at the aggregation level 
of a province.  Specifically, several variables from the Spanish Economic Anuary of CaixaBank were considered 
along with data of electricity consumption provided by the Ministry of Industry. This ministry offers electricity 
consumption data for 34 economic sectors, which makes a fairly detailed picture of the electricity consumption. The 
number of variable chosen from the Caixa is less than that adopted for the model of Andalusia, since the number of 
variables related to the electricity consumption is rather large. Furthermore, the variables of Caixa exhibit a 
relatively high correlation among them, a fact that reduces its utility. Finally, the dummy variable “refinery” has not 
been included since this type of industrial facility is already considered as one of the electricity consumption 
variables. 
Table 3. Explanatory variables for the model of peninsular Spain. 
 
VARIABLES FROM “LA CAIXA” 
 
 
SECTORIAL  ELECTRICITY CONSUMPTION (Ministry of Industry) 
 
 Population Agriculture and cattle raising Rubber and plastic materials industry 
 Industry Steel and Iron industry Construction and public works 
 Energy and water Non-ferrous metallurgy Rail intercity transportation 
 Mining and chemical industry Glass industry Road transport 
Metal transformation industry Cement, lime and gypsum  Other transportation means 
 Manufacturing industries Other building materials Gas and oil extraction 
 Building Chemical and petrochemical industry Hotels 
  Metal Works and machinery Business and services  
  Naval construction and repair Administration and public services 
 Motor vehicles and bicycles manufacturing Household consumption 
 Manufacturing of other transportation means Other industries 
 Coal mining and processing Nuclear fuel and other energies 
 Food, beverages and tobacco industry Coke industry 
 Textile, leather and footware industry Oil refineries 
  Wood and cork industry Electricity generation and distribution 
 Pulp and Paper industry Gas production and distribution 
 Printing industry Mines and quarries 
 
3. Determination of the catchment area 
The models for Andalusia and that for Spain are constant elasticities models. Actually, for each scenario, we have 
developed a generation and an attraction model. Namely, for the Andalusia model, the generation is the volume of 
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hazardous goods carried from station i to the all the stations in Spain and the atrraction is the flows in opposite 
direction: from all the stations in Spain to station i in Andalusia. For the model of Andalusia, one could use the 
explanatory variables at a provincial level for the generation and the attraction models. However, this choice would 
be clearly unsatisfactory because there are several provinces with more than one station. In other words, the model 
with provincial explanatory variables would lead to a rather poor description of the causal realtionships. 
Furthermore, in order to account for the effect of the station location and the fact that its catchment area is not 
precisely defined, the explanatory variables for each station were obtained by weighting the municipal variables 
according to a funcion whose value decreases with the distance from the station to the city. Namely if Vik is the 
explanatory variable k of the station i, then Vik was considered equal to the weighted sum of the explanatory variable 
k of city j (Wjk), being the weighting proportional to the reciprocal of the distance from the station to the city. 
Namely, the expression of the explanatory variable for the model is: 
 
 
(1) 
 
 
where m is the number of cities and the denominator in the expresion (1) is given by: 
 
                                                             
(2) 
 
 
That is, pij as it is defined in (1) is the weighting coefficient of city j with respect to the station i and obviously the 
following holds: 
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Finally, a is a positive exponent that measures the decay of the influence of the city when the distance to the 
station increases. For instance, if a=1 then the weight of each city is exactly proportional to the reciprocal of the 
distance. If a=2, the model resembles a gravitational model. As a increases, the weight of the closest city to the 
station becomes more influential. The exponent a is chosen a priori and then the explanatory variables of the model 
are calculated according to (1) and with the resulting values of the explanatory variables, the generation and 
attraction models are estimated.  Then, among all the chosen values of a, the one that yields the best fit is finally 
selected. As a consequence of this way of proceeding, the catchment area of each station is indirectly estimated.  
It should be remarked that the catchment area is not a well-defined and geographically delimited area, but a 
weighting scheme that tries to incorporate geographical information in the model. The distance used in (1) is the 
road distance according to the network of customary routes for hazardous goods. A posible way to define a 
geographically delimited catchment area for a particular station j would be as that area occupied by those cities for 
which its weight pij is the maximum weight when we let i take all the possible values for all the stations. Then, due 
to the form of expression (1) the set of cities belonging to the catchment area remains unchanged when the exponent 
a varies. What this exponent determines is the relative importance of each city.  
For the model of Spain, the variables were considered at the province level. A problem that arose with this choice 
was the existence of several stations in the same province. Unfortunately, the model cannot discriminate between 
these stations because all of them have very similar values of the explanatory variables. Therefore we decided to 
join all the stations in the same province in order to end up with a single group of stations. Then, the generation and 
the attraction models will forecast the hazardous good volume with origin and destination in those groups of 
stations. In what follows and when explaining the results for the national model, we will refer to station to a single 
station for the provinces that have only one station and to a group of stations when the province has more than one 
station. The calculation of the explanatory variables for the national model is done in the same way. In this case Vik 
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is the explanatory variable k of station I and Wjk is the variable k of province j, where dij is the distance between the 
capital of the province j and the station i. 
4. Results of the model 
For both scenarios, the model for Spain and that for Andalusia, the following values for the exponent a were 
chosen: 0.5, 1, 2, 3 and 4. For each of these values a generation and an attraction model was estimated. Another 
difficulty of the sample was the lack of generation and /or attraction for some years and some stations. That is, the 
generation as well as the attraction were highly variable across years even for the same station. This fact reduced 
considerably the sample size and the sample for the Andalusia model consisted of 23 observations for generation 
and 22 for attraction. For the national model, we had 70 observations for generation and 90 for attraction. 
Once we have fixed the value of the exponent a, the model is estimated by introducing sequentially an increasing 
number of variables according to a forward selection scheme of a stepwise regression. Figure 1 shows the evolution 
of the coefficient of determination with the number of variables of the model. In order to avoid the overfitting of the 
model, the number of variables was limited to five for the models in Andalusia and ten for the models of the whole 
Spain, since in this scenario the sample size was much larger.  
 
 
Fig. 1. Coefficient of determination as a function of the number of variables for the generation model with a=2 for Andalusia. 
Tables 4 to 7 show the obtained results. Namely, these tables show the variables that were selected for the 
generation and attraction models for both scenarios, Andalusia and Spain. For the first scenario the best values of a 
are 2 for generation and 4 for attraction, whereas for the second scenario the corresponding best values of a were 2 
and 3. It is interesting to observe that in both cases the value of the exponent a was greater for attraction. 
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Table 4. Results of the generation model with a=2 and five variables for the stations in Andalusia. 
variable elasticity std. dev. t-stat p-value 
independent term -44.6005 17.0845 -2.6106 0.018275 
refinery 4.88764 1.36456 3.5818 0.0022977 
Textiles -10.4256 2.6311 -3.9624 0.0010058 
Electricity comsup. others 4.32101 1.50778 2.8658 0.01071 
Energy and water 6.84666 2.64556 2.588 0.01915 
Tourism index 3.2851 1.70627 1.9253 0.071087 
R2 = 0.62812  (p-vaule =0.0027853) 
Table 5. Results of the attraction model with a=4 and five variables for the stations in Andalusia. 
variable elasticity std. dev t-stat p-value 
independent term -49.313 11.6173 -4.24479 0.00061787 
Pharmaceutical products and perfums  -18.5664 1.82771 -10.1583 2.21E-08 
Industrial electricity consumption -0.711849 0.626446 -1.13633 0.27255 
refinery 5.082 0.695535 7.30662 1.76E-06 
Metal transformation industry 26.4245 2.74684 9.61995 4.70E-08 
Industrial wholesale trade -5.8742 0.985668 -5.95961 2.00E-05 
R2 = 0.91766  (p-value = 3.9847e-008) 
Table 6. Results of the generation model with a=2 and ten variables for the stations in Spain. 
variable elasticity std. dev. t-stat p-value 
independent term -2.21493 5.96224 -0.371492 0.711602 
Agriculture and cattle raising -0.339054 0.446347 -0.75962 0.450506 
Chemical and petrochemical industry 2.88853 0.489086 5.90599 1.85E-07 
Road transport -0.7865 0.316887 -2.48196 0.0159328 
Gas distribution -1.42454 0.306752 -4.64393 1.96E-05 
Making of other transportation means 1.3199 0.423727 3.11498 0.0028387 
Glass industry -1.83074 0.546942 -3.34722 0.00142527 
Coke industry 0.340536 0.241884 1.40785 0.164423 
Wood and cork industry 1.10318 0.506779 2.17684 0.0335056 
Other industries -1.0473 0.610869 -1.71445 0.0916954 
Paper industry 0.326508 0.331853 0.983895 0.329185 
R2 = 0.50576  (p-value = 3.0439e-006) 
Table 7. Results of the attraction model with a=3 and ten variables for the stations in Spain. 
variable elasticity std. dev. t-stat p-value 
independent term 16.9599 2.74583 6.17663 2.67E-08 
Non-ferrous metallurgy -0.532979 0.155167 -3.43486 0.0009474 
Electricty generation and distribution -0.525874 0.21334 -2.46495 0.0158723 
Metal Works and machinery 0.711282 0.380611 1.86879 0.0653585 
Other building materials -0.75296 0.316855 -2.37636 0.0199056 
Making of other transportation means -0.204596 0.189495 -1.07969 0.283566 
Gas and oil extraction 0.371554 0.190374 1.95171 0.0545169 
Nuclear fuel and other energies -0.151099 0.13636 -1.10808 0.271188 
Naval construction and repair 0.136786 0.163075 0.838791 0.404118 
Textile, leather and footware industry 0.606008 0.337342 1.79642 0.0762498 
Energy and water -0.711073 0.452194 -1.5725 0.119832 
R2 = 0.3253 (p-value = 0.00031928) 
 
The results for the stations in Andalusia show that all the selected variables are significant at the 5% level for 
generation and at the 1% level for attraction. It is also interesting to observe that the dummy variable “refinery” is 
also present in both models. The interpretation of the sign of the elasticities is certainly not obvious, particularly for 
the attraction model that has three variables with negative elasticities. In general, the results are much more 
satisfactory than those obtained by the naïve model that considers the catchment are of each station equal to the 
province where the station is located. In the naïve model, the weight of each city is zero if the station is located in a 
different province. 
The results for the models of the Spanish mainland are not as satisfactory as those obtained for the models in 
Andalusia. This can be due to the fact that the original variables are at the level of the province and have a relatively 
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low correlation with the generation and the attraction. In any case, the goodness of fit given by the models that 
consider the catchment are in the way explained in section 3, is considerably better than that given by the naïve 
model, in which no weighting scheme is applied to the explanatory variables.  
5. Conclusions 
In this work a generation and an attraction model for the hazardous goods transported by railway has been 
presented. The model has been applied to the stations of the Adif network located in Andalusia, the southernmost 
region of Spain and to the whole mainland Spain. For both models the explanatory variables are of economical type 
and related to the electricity consumption in several economic and industrial sectors.  In the model of Andalusia 
these variables are at a municipal level whereas in the model for Spain, they are at provincial level. In both cases, 
the explanatory variables of the model are weighted by the distance to the station in order to account for the 
catchment area of the station. The pace of the decay with the distance is quantified through an exponent whose value 
is chosen before fitting the model parameters. Then, the value of this exponent allows measuring the extension of 
influence of the station. The models estimated considering this weighting scheme for the explanatory variables yield 
a much better fit than the naïve models, which are the models in which the distance decaying effect is replaced by a 
simple aggregation of the municipalities of each province regardless of their distance to the station.   
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